Valvular heart disease has been described in patients on other ergot derived agents. 8, 9, 10 This class of drugs includes methysergide, bromocriptine, and cabergoline. Ergotamines induce fibrotic changes in leaflets and subvalvular apparatus of valves. They become stiffer, resulting in a doming motion of the valve and incomplete closure which allows regurgitant flow. The pathophysiology is akin to that found in carcinoid syndrome and the valvulopathy associated with the anorectic drugs, fenfluramine and dexfenfluramine. 11 In carcinoid heart disease, serotonin excess is thought to correlate with the development of valvular lesions. 11, 12 Although the dopamine agonists are used for their dopaminergic properties, they have been shown to have a variable affinity for the 5-HT2B serotonin receptor. Of all dopamine agonists, the ergotamine derived agonists, bromocriptine, pergolide, cabergoline, and lisuride, have the highest affinity for this serotonin receptor. 13 Although not a common consequence of pergolide use, retroperitoneal, pericardial, and pleural fibrosis are also recognized side effects of this drug. [14] [15] [16] [17] Based on our understanding of the pathogenesis of ergotamine induced valvular changes, it is possible that a risk for pergolide associated cardiac valvulopathy exists. We performed a systematic review of the literature to assess the risk of developing cardiac valvulopathy associated with the use of pergolide therapy.
METHODS
Search strategy -Using the approach outlined by the QUOROM strategy, 18 we carried out electronic searches of MEDLINE (1966 ( -September 2005 , Embase (1980 -September 2005), PubMed (1966 ( -September 2005 , and the Cochrane library. We used the search headings: pergolide or permax, ergotamine agents, ergotamine dopamine agonists, valvular heart disease, and congestive heart failure. We also manually searched reference lists and consulted with a librarian to identify additional studies. We included all articles published in English. We identified and reviewed 22 published articles for potential inclusion. 1, 4, 17, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] Of these, 15 were either review articles, editorials, or discussed other non-cardiac valvulopathy side effects of pergolide and so were excluded from the review. There were no randomized trials.
RESULTS
We identified seven articles for inclusion in our sample. 4, [19] [20] [21] [22] [23] 38 These included three case control studies (one of which used historical controls and one which was retrospective in nature), 20, 22, 38 one observational study, 19 and three case reports. 4, 21, 23 The three case reports described a total of 18 patients. 4, 21, 23 The case control studies and observational study assessed a total of 228 patients on pergolide.
Evaluation of Valvulopathy
All studies in our sample assessed the presence of cardiac valvulopathy by transthoracic echocardiography as sumarized in the Table. In no study was an echocardiogram done prior to the initiation of drug therapy, but each patient did undergo an echocardiogram as part of the study. In the prospective case control studies the raters were blinded to treatment.
The studies (three case control and one observational) used different methods of assessing valvulopathy. In the study by Van Camp et al, 20 78 patients with Parkinson's disease taking pergolide were compared to 18 patients with Parkinson's disease who were not on an ergot derived dopamine agonist. Valvulopathy defined by the presence of a regurgitant jet on color doppler was considered less accurate. The restrictive motion of the valve was thought to be the most accurate measure of valvulopathy, especially if present in the tricuspid valve. Tenting distance was measured using a four point scale developed by the authors of the study. 20 Using this method, they found that 33% of patients (26/78) on pergolide had some evidence of cardiac valvulopathy versus no cases of cardiac valvulopathy in the control group. In the study by Baseman et al 22 echocardiography was available in only 46/85 patients included. The majority (26) were performed in different centers. They used historical controls from the Framingham heart study and used a regurgitation measure based on a descriptive scale to determine degree of significance of valvulopathy. In 89% (41/46) of these "some" degree of regurgitation was found, and valve thickening was documented in 15 cases (one tricuspid valve, 12 aortic valves, and nine mitral valves). They calculated a two to threefold increased risk of developing abnormal valves with pergolide use, with a 14 fold increase for the tricuspid valve. The Van Camp observational study 19 used the method described by Connolly, 11 which relies on conventional two dimensional pulsed-and continuous-wave Doppler imaging as well as color-flow examination, to assess valvular involvement. Waller et al 38 reviewed the charts of 55 patients who had an echocardiogram at least six months after starting pergolide and compared these to age matched controls from within the same institution. Four of the 55 patients were referred for echocardiography specifically because they were on pergolide; whereas the other patients were referred for a variety of indications from shortness of breath to a heart murmur heard on clinical examination. There were 11 different interpreting cardiologists. They found no difference in the prevalence of mitral and tricuspid regurgitation compared to controls (78 and 71% vs 76 and 65%), but there was a higher frequency of aortic regurgitation in pergolide users compared to controls (45% vs 21%).
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Clinical Correlation
In the available studies, there is little or no correlation between valvular abnormalities found on echocardiogram and the presence of cardiac symptoms in the patients. Van Camp 19 stated that eight out of ten patients were asymptomatic. The authors provided case histories for the other two patients. Baseman 22 provided brief case reports on four patients who they state are not typical of their study cohort but rather were chosen to demonstrate the potential for clinically serious cardiac outcomes.
Drug Dose
Van Camp et al 20 divided their patients into high dose (>5 mg, 26 patients) and low dose pergolide (<5 mg, 52 patients) groups. Duration of drug use varied from 4 months to 57 months. Forty THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES two percent (11/26) of patients in the high dose and 29% (15/52) in the low dose group had evidence of valvulopathy. In 19% of their patients the valvular disease was considered significant. Although there was a correlation between dose and tenting area of the mitral valve, there was no correlation between the dose and composite severity score. The observational study by Van Camp et al 19 only evaluated patients on high dose pergolide (average dose 6.6 mg). Duration of drug use varied from four months to 25 months. Of the ten patients evaluated, six were found to have restricted leaflet motion. Baseman et al 22 
Follow-up
None of the studies routinely evaluated their patients on pergolide prospectively. Six patients in the Van Camp 20 report stopped pergolide. Reasons for stopping the drug included effect of the drug on parkinsonian symptoms, possibility to switch to another treatment, and severity of restrictive valvular heart disease. In two of these patients, echocardiogram six months after stopping pergolide showed improvement of valvulopathy. In a report of four cases, variable improvement was found at follow up of up to four years.
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DISCUSSION
We identified no randomized control trials or any prospective studies assessing the risk of pergolide-induced valvulopathy. There is a biologic basis to support an association with pergolide and the development of cardiac valvulopathy. 12 Although the studies reviewed have advanced our knowledge and highlighted the importance of this risk, there are many problems with the available studies and many questions that still need to be addressed.
Evaluation of valvulopathy
No consistent approach was used to measure valvulopathy. First of all, none of the patients in these studies routinely underwent echocardiograms prior to the initiation of pergolide. Because of obvious ethical issues, it is unlikely that any future studies will be able to assess this. Second, the methods used to assess presence and severity of cardiac valvulopathy differed in each study, and so it is difficult to compare results. Third, pergolide is used to treat Parkinson's disease. A large proportion of patients who have this condition are elderly, which makes them more likely to have age related valvular disease. Therefore, as Van Camp et al 20 and Chaudhuri et al 24 pointed out, it is important to distinguish these valvular changes from those due to age and other comorbidities. Interpretations of the echocardiogram must be made by a cardiologist with considerable expertise in this area. Indeed, two cases of valvular disease initially presumed to be pergolide-induced were excluded from our small series 21 after careful review of their echocardiogram suggested that an alternative cause of valvular disease was more likely (H. Rakowski and A Lang, personal observations). Furthermore, the incidence of valvular regurgitation demonstrated on echocardiogram is quite high even in the general population. In fact, the Framingham study reported tricuspid regurgitation in approximately 84% and mitral regurgitation in approximately 90% of patients. 39 
Clinical Correlation
Little evidence of correlation between valvular abnormalities and cardiac symptoms was provided among the four studies. Most patients in these studies had asymptomatic cardiac valvular disease found on echocardiograms (aside from the Waller study in which patients were referred specifically for symptoms that were not clearly related to drug use). Therefore, the significance of the echocardiogram findings remains unknown.
Drug dose
It is still not known whether dose and duration of pergolide use correlates with the development and severity of valvulopathy. Although Van Camp et al 20 and Waller et al 38 both attempted to address the issue, this was not the primary purpose of these studies and so they were not appropriately powered to assess the question. The scatter plot of composite regurgitation scores and lifetime pergolide use (milligrams) provided by Baseman et al 22 suggests that there might be a relation between lifetime dosage and regurgitaion scores; however, the points are quite widely distributed and more information is needed before firm conclusions can be drawn. Finally, systematic follow-up has not been performed and is needed to assess not only whether a correlation exists between dose and duration and development of valvulopathy, but also whether the valvulopathy is reversible upon cessation of the drug. If lessons from the anorectic drugs can be applied to the ergotamines, then one could suspect that both dose and duration do play a role, but the effects of the drug may be at least partially reversible after cessation of therapy.
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Future direction
Prior to the report by Pritchett et al in 2002 documenting the occurrence of valvular heart disease in three patients taking pergolide mesylate, 4 there were no reported cases of valvular heart disease in association with pergolide. Indeed, in the two patients who underwent valve replacement, the pathological findings of the valves that were surgically removed resembled those of carcinoid syndrome and the valvulopathy associated with the anorectic drugs, fenfluramine and dexfenfluramine. 11 In a recent letter to the editor, Chaudhuri et al 24 suggest that non ergot derived dopamine agonists have been associated with fibrotic changes as well although no published data was provided in support of this statement. Moreover, at the recent 16th International Congress on Parkinson's Disease and Related Disorders in Berlin, a number of non-peer reviewed abstracts were presented in which echocardiograms of a total of 143 patients on pergolide were compared to echocardiograms in various control groups (eg; PD patients on non ergot derived agonists, PD patients on levodopa, or non PD age matched controls). In general, the prevalence of valvular disease in the pergolide group was not significantly higher than in controls. [43] [44] [45] Therefore, although pharmacovigilance is mandated, much more information, based on larger scale prospective, blinded case control studies with standardized methods of assessing the echocardiograms, is still needed before firm conclusions can be drawn. One particularly important unknown that requires future study is whether patients with preexisting valvular disease are at greater risk of pergolideinduced changes.
Practical Clinical Approach
What are the implications of this apparent association to clinical practice? We believe that until more data is available, a "common sense" approach is warranted, and we propose the algorithm outlined in the Figure. In general, a patient should not be started on pergolide if other medical therapies are available. In patients currently stable on pergolide who have no cardiac symptoms and the condition for which they are being treated with pergolide is well controlled, an informed discussion with the patients about the potential risks and benefits associated with continuation of the drug should take place. If patients choose to continue pergolide therapy, then careful cardiac monitoring, including a yearly echocardiogram, should be performed. It is completely unknown whether patients with pre-existing valvular changes might be at greater risk of cardiac valvulopathy-related problems with pergolide. It is logical to avoid pergolide in patients with pre-existing valve dysfunction. In such patients, if there are no other therapuetic alternatives and the potential benefit to quality of life is considered substantial, then this treatment could be considered with very rigorous ongoing monitoring.
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CONCLUSION
Pergolide appears to be associated with an increased risk of developing cardiac valvulopathy. Despite a potential biologic basis for this (ie 5-HT2B receptor stimulation), few studies have evaluated the association between pergolide therapy and cardiac valvulopathy. Additional studies, with standardized assessments of echocardiograms, are required before the true clinical importance of this association is known. 
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